Instances of PDRs include the repository of reviews at Amazon.com and the online encyclopedia at Wikipedia. These repositories are created and sustained by the voluntary contributions of individuals who are not compensated for their inputs. This paper draws on and extends Critical Mass theory in the context of PDRs. Using data on the reviews written by prolific reviewers at Amazon.com and the text of their personal profiles, we find that the critical mass of contributors at the PDR not only to be prolific and contributing high-quality reviews, but also to be among the earliest contributors of reviews on products. Reviewer profiles revealed the presence of multiple self-oriented motives (self expression, personal development, utilitarian motives and enjoyment) and other-oriented motives (social affiliation, altruism and reciprocity) for contribution. We find that the quality and the quantity of contributions by the critical mass are negatively related and the motives for contribution of quantity are different from those related to the quality of contribution. The study highlights that PDRs are viewed by contributors as social contexts even though making contributions is an individual act that does not involve social interaction.
Introduction
A number of websites that are freely accessible over the Internet provide users with useful content submitted by other individuals. Instances of such sites, which we term public document repositories (PDR) include the repository of book reviews, movies and music at amazon.com, repositories of travel and tourism information at travelpost.com and lonelyplanet.com and the large body of reviews of consumer products at epinions.com. Such repositories are created by the largely uncompensated efforts of individuals contributing content e.g. book reviews, comments on hotels and tourist destinations for the benefit of others who may be considering reading the books, choosing hotels or visiting these destinations. Many of these repositories hold a massive amount of content submitted by vast legions of contributors. For instance, Dooyoo.co.uk had over 200,000 reviews available on its site contributed by over 20,000 individuals and Amazon.com had over 3.5 million reviews available on its site in 2004 contributed by over a million individuals.
Such repositories are termed discretionary databases by Thorn and Connolly (1987) since they house content that is shared by individuals, at their discretion, with others. However, motivating individuals to contribute to collective repositories is a daunting challenge and initiatives to establish such repositories, even when they are seen as serving the common good overwhelmingly fail (Fulk et. al 2004) . Thorn and Connolly (1987) observed that "the technology of storing and distributing information is advancing rapidly; but we see relatively little evidence of parallel growth in the understanding of how this technology can best be harnessed" (page 527). These observations made nearly two decades ago continue to be valid today. Though studies in the past two decades have examined factors linked to participation in online spaces, such as discussion groups and virtual communities, the nature of these interactive environments are markedly different from those at PDRs where individuals interact with a database of content through a web interface and make individual choices of what to contribute and when.
PDRs use technologies that aggregate the voluntary contributions of content by widely dispersed individual contributors to create a publicly accessible resource 1 . The repository of reviews at Amazon.com, a typical PDR provides facilities for users to examine the content on the site, and if they choose, to contribute a review of a book or movie listed on the site. PDRs on the Internet such as Wikipedia and the repository of reviews at Amazon.com that are populated by voluntary contributions of content by individuals, are increasingly emerging as important resources serving the needs of the public at large. Theoretically grounded models of contribution behavior are therefore crucial to understand the factors influencing the establishment and sustenance of such repositories. We drew on Critical Mass theory and applied it to the context of PDRs to derive insights on the nature of user contributions. We used empirical data gathered from one large PDR -the repository of reviews at Amazon.com to assess the level of support for the predictions based on critical mass theory.
Public Document Repositories and Critical Mass Theory
PDRs incorporate facilities for individuals to search and retrieve content as well as facilities for individuals to contribute content to the repository. In that sense, PDRs serve both constituencies -those demanding content and those supplying content. While the processes of supplying content and of demanding content are both related, probably recursively, and users of content are often contributors as well, our focus in this paper is exclusively on the supply side -the contribution of content to PDRs by individuals.
The act of making a repository contribution has several unique characteristics that set it apart from instances of helping behavior in physical contexts (Clary et al. 1998) as well as participation in the context of technology mediated interactive forums such as email and listservs (Constant et al. 1996; Butler 2001 and sustained for the collective through the efforts of a relatively small minority. The small, highly motivated minority of contributors is termed the critical mass (Marwell and Oliver 1993) .
Prior work on repositories of voluntarily contributed content by Thorn and Connolly (1987) 
Motivations of the Critical Mass to Contribute:
While Critical Mass theory suggests that the critical mass comprises individuals with greater interest in the collective good and with superior resources, there is little attention paid to differences among motivations of members of the critical mass.
Prior research on individual contributions suggests multiple perspectives on the motivations to contribute. For instance, Thorn and Connolly (1987) and Fulk et.al (2004) view contributions as driven by the individual-level calculus of costs and benefits. and formulating reviews takes time and effort. However, there are benefits to the activity as well as contributors are likely to develop and refine their conceptual thinking and composition skills. Potentially, helping unknown others is likely to provide intrinsic rewards and reinforce one's competencies and feelings of self-esteem. Further, the awareness of the aggregation of their reviews by the PDR and the creation of a unified online repository where individual contributions are housed can approximate the context of virtual communities where individuals sharing common interests develop social bonds (Butler et. al. 2002) . It is likely that active contributors develop a shared sense of cooperation and citizenship that in turn can motivate contribution.
The nature of motivations is also recognized as an important determinant of how individuals contribute. For instance, Thorn and Connolly (1987) found the incentives for participation enhanced contribution quantity but it reduced contribution quality. A more detailed view of the motivations of the critical mass in making contributions and how these motivations influence contribution behavior can be very useful in explaining a key factor determining the success of PDRs. This leads to the following research questions:
What are the motives of the critical mass for contributing to PDRs?
How are the motives of the critical mass linked to their contribution behavior?
Methods
We examined these questions using data on contributions to the review repository at Amazon.com, a site visited by about 40 million users every month (Nielsen NetRatings 2006).
Details of PDR at Amazon.com:
The PDR of reviews at Amazon.com has over 3.5 million reviews contributed by over 1.3 million reviewers. While the repository is owned and operated by a commercial firm -it is freely accessible without exclusions to the public over the web and it is searchable in a variety ways -using keywords, book title, author or topic. While users can choose to purchase items they see listed on the site, no purchase is necessary to use the content or vote on content contributed by others. Participation as a contributor has minimal pre-requisites. Any individual with an email address, irrespective of his or her location in the world can sign up for an Amazon.com account and begin to contribute content -reviews of books, music, videos and other products sold on the site.
Amazon.com provides basic guidelines for reviews and all submissions are moderated. A small group of Amazon.com editors using automated text search programs deletes or replaces inappropriate or offending content from contributions before posting them online. To eliminate confounds from the characteristics of the user interface and features provided by different public repositories, we focused our data collection on this large PDR.
Contributing reviews to the Amazon repository is not compensated -it is entirely
voluntary. The only reward, if any, is intangible -in the form of a higher rank among Amazon reviewers. Amazon.com ranks reviewers using a composite measure based on the cumulative number of reviews submitted and the average number of helpful votes received by reviews from users. A reviewer's categorization as a #1 Reviewer, Top-10, Top-50, Top-500 or Top-1000 reviewer is displayed along with the text of his or her reviews. The possibility of joining the ranks of reviewers in these five tiers represents the only formal incentive offered to contributors. Amazon.com also provides all reviewers the option to disclose personal information (up to 4000 words) and upload a photograph.
This profile information is made available on a personal page that is linked to each reviewer's name when it appears alongside the review. Users are free to provide as much or as little information that they see fit in these profiles. Another feature of the Amazon.com site is the facility for users to select one or more reviewers as a "favorite person". Individuals receive email notifications with a URL to the contribution whenever one of their favorite persons posts a review. All reviews on a book or movie contributed to the site are presented to users sequentially, in reverse chronological order of their contribution, so that the most current reviews received are presented first.
Reviewers at Amazon.com come from a wide variety of backgrounds and include teachers, librarians, a former Speaker of the US House of Representatives, journalists, lawyers, consultants and college students. While the total number of reviewers is large, those contributing a total of 10 or more reviews number only about 47,000.
We carried out the study in two steps. In the first step, we focused on the quantitative data on the volume of contributions of reviewer contribution and the timing of their contributions. In the second step, we examined the profile information made available by reviewers to assess the nature of motivations.
Step 1: Examination of reviewer contributions for evidence of a Critical Mass:
Given the large number of reviewers on Amazon.com (1.3Million), we categorized the set of reviewers into groups of 100 reviewers based on the number of reviews they had contributed. For each of the groups (e.g. the top 100 reviewers, the next 100 and so on), we calculated the total number of reviews contributed by reviewers in the group. The total number of contributions by each of the groups and the curve fitting the distribution of contributions is in Figure 1 .
The Top 100 reviewers contributed 95,995 reviews while those ranked 3 between 900-1000 contributed 14730 reviews, those ranked between 5,000 and 5,100 contributed 4923 reviews, and those ranked between 9900 and10000 contributed 2533 reviews. This pattern indicates review contributions being considerably lower for reviewers of lowerrank. The curve that best fits this distribution (R 2 = 0.96) is a power-law function: Y = 82756.1 * X (-0.7217) This distribution suggests that small contributions are extremely common whereas large contributions are uncommon and made largely by a small minority. As observed by Juran (1992) , this pattern reflects contributors as comprising the vital few and the useful many and provides empirical support for the existence of a small minority making a disproportionately large contribution compared to the rest of the contributors.
Interestingly, the data also indicate that the PDR has the characteristics of a large-group solution where no single individual makes a perceptible difference to the collective (Olson 1965) . We find that the contribution of the Top-1000 is small compared to the total volume of contributions of the rest of the group. While members the group of 1000 prolific reviewers (comprising less than 0.08 percent of the population of contributors) each contributes 148 reviews, their overall contribution amounts to just over seven percent of the reviews in the repository; the rest coming from a very large number of individuals, each contributing, on average, just one review. Clearly, the data provides support for the existence of a core group of active individuals making a disproportionate volume of contributions.
Do the prolific reviewers contribute helpful reviews?:
The data suggest that review contributions by members of the set of 1000 most prolific reviewers received a considerably higher number of helpful votes from users than those contributed by all other reviewers. Each of the reviews contributed by the group of Top-1000 reviewers, on average, received 8.03 helpful votes while the reviews of other contributors, on average, received 2.12 votes. Overall, each member of the set of Top 1000 reviewers received an average of 1177 helpful votes for their reviews while the rest, on average, received just three. Clearly, this suggests that the set of 1000 prolific viewers also contribute content considered very useful.
---------- Table 1 ----------Another role of the critical mass of contributors highlighted by Critical Mass theory is their early contribution of resources to collective action. The logic is that a minority of the population -the critical mass -through their early contributions, enhances the probability of success of collective action. This in turn creates conditions for the majority to join in and the collective goal is achieved by the participation of the majority. (Marwell and Oliver 1993) .
In the context of PDRs this logic implies that the critical mass of contributors, by their early contributions, play a part in a PDRs success by ensuring that users can turn to the repository with the expectation that content is likely to available. For instance, when a contributor writes the first review of a product at a product review site like epinions.com, she provides a review when there are no other product reviews available on the site. The availability of content is important in enabling a repository to be viewed as a useful resource, a key feature that encourages the use of the repository by the public at large.
Thus early contributions are important for the continued sustenance of a PDR.
To assess this role for the set of the 1000 prolific reviewers, we examined the extent to which they provided early reviews of products on the site. For each of the 98799 reviews contributed by the 466 reviewers in the Top 1000 list for whom we had profile information, we determined the chronological ordering of each submission among the total set of reviews available for the product. This allowed us to assess the frequency with which submissions by reviewers in the critical mass were among the earliest reviews available on the Amazon.com site for products being reviewed. The number of reviews on the site prior to the reviews contributed by the 466 reviewers is plotted in Figure 2 .
The data indicate that 18 percent of the reviews submitted by the critical mass of contributors were the first ones available on Amazon.com for the book or movie being reviewed. 32 percent of the reviews were among the first three reviews available and 42 percent of the reviews were among the first five available. Over half (54 percent) of the reviews posted by the critical mass were among the first 10 reviews posted on the site.
In the case of a review repository like Amazon.com where the set of books, movies and other products needing reviews is constantly expanding, the critical mass thus plays an ongoing role in providing the early set of reviews of products so that reviews are available when the average user comes to the site to look up the newly added products.
Our results suggest that the critical mass in the case of PDRs performs the ongoing role of providing early content in the different categories created as the repository expands.
---------- The data thus provide strong empirical evidence that the set of 1000 prolific contributors exhibit characteristics of the critical mass suggested by Critical Mass
Theory. In addition to being extremely active contributors when compared to the rest of the population, their contributions are also more useful -reviews they contribute that receive over eight times the number of helpful votes than the average review. This group also makes early-period contributions when there are few prior contributions by others e.g. on the books or movies for which they write reviews. The group comprises longstanding contributors who have been active ever since the founding of the PDR.
Overall, there is considerable support to consider this set of 1000 active reviewers to be members of the critical mass of the PDR at Amazon.com.
Step 2: Analysis of Motives of the Critical Mass:
We assessed the motives for contribution by the set of Top-1000 reviewers using the profile information they had provided on the Amazon.com site 4 .
Details of Profile Data:
Profiles were available for 900 of the top 1000 reviewers; the others had provided no profile information. 258 of the 900 profiles were brief and had fewer than 50 words. 466 of the profiles disclosed at least one motivation. Our analysis is based on the information on motivations provided by this subset of the Top-1000 reviewers. To preclude biases on account of the focus on this subset of 466 reviewers, we compared the attributes of this subset with those of the rest of the critical mass who either did not provide profiles or provided no information on motivations in their profiles. The median reviewer ranks for these two sets were 482.5 and 533
respectively. In addition, those who had disclosed motivations contributed a median of 162 reviews, received 1223 helpful votes for their reviews, and had on average 7.91 helpful votes per review. Those who had not disclosed motivations had written a median of 135 reviews, received 1134 helpful votes and had on average 8.10 helpful votes per review. The similarity of the two groups suggests that the set of reviewers disclosing profile details is representative of the set of critical mass of reviewers.
We coded the Top-1000 reviewers into categories based on the motivations that they mentioned in the text of the profile. The content analysis was guided by the framework of motives suggested by Snyder and Omoto (2000) that views motivations as comprising two distinct orientations: self-orientation and other-orientation. Drawing from this framework, we coded the profiles into five types of self-oriented motivations:
self-expression, development of writing skills, enhanced understanding of the topic, utilitarian motives and personal enjoyment) and three types of other-oriented motivations: social affiliation, altruism and reciprocity). Details of the motives and coding scheme are provided in Appendix-1.
In analyzing the data, we followed the techniques of open coding and axial coding advocated by Strauss and Corbin (1998) . We used open coding to categorize the text in the reviewer profiles into categories based on the motivations mentioned in the profiles.
We identified keywords suggesting different categories of motives (e.g., reciprocity) and enriched this set with keywords we encountered in profiles (see appendix-1 for the definitions and sample phrases under each motive). We also used explanations suggested by the data in the profiles to create new categories reflecting motivations. In creating new categories from the data, we backtracked to earlier profiles if any of them could be recoded into the new category created. After coding the data, we grouped the categories that reflected similar concepts and themes, consistent with the notion of axial coding. An individual's profile was coded into multiple categories when the profile indicated multiple motives for contribution.
Reliability of Coding:
To assess the reliability of the coding, we compared the coding of a random sample of 100 profiles by one of the authors to that performed independently by a coder not connected with the current study. Since each profile could be coded under more than category, we calculated Cohen's Kappa for each category. The values of Cohen's Kappa for each of the motives were 0.74 or higher, suggesting adequate reliability.
Motivation for contribution:
The frequency of mentions of motives and illustrative examples of motives in reviewer profiles are in Table 2 and Table 3 . The evidence from the profile data in Table 2 with illustrative comments from reviewer profiles indicates the prevalence of self-oriented motives underlying contribution behavior. This is a particularly interesting since prior work in PDRs has recognized only other-oriented motives for contribution. For instance, in the modeling of contributions to discretionary databases, Thorn and Connolly (1987) The results in Table 3 provide a very fascinating perspective on the social context of repository contributions. In a context that appears to be devoid of social cues, the significant presence of social motives is interesting. Over a third of the reviewers indicated social affiliation as a motivation for contributing. The view of contributions to PDRs in prior literature, as exemplified in the work of Goodman and Darr (1998) , is that they are instrumental interactions of individuals with a database. The extracts from contributor profiles provided in Table 3 (row 1) provide a rather startling contrast. Rather than seeing their actions as being one-on-one interactions with a repository, contributors in the critical mass are aware of the presence of a wider audience for their inputs and appear to be motivated by bonds developed with a larger community of book lovers through the PDR. The profile data reveal altruism and reciprocity as the other motives for contribution. It is interesting to note that reciprocity, usually considered the sole motivation for contribution in prior literature (e.g. Thorn and Connolly 1987) , is the least frequently mentioned motive in Table 2 .
---------- Tables 2 and 3 ----------
Motivations and Contribution Behavior
The PDR at Amazon.com provides two measures of reviewer contributionquantity (number of reviews) and quality (helpful votes received). Prior theory suggest that incentives to contribute are likely to lead to increased volume of contributions but decreased quality of contributions (Thorn and Connolly 1987) , indicating a trade-off between contribution quantity and contribution quality. The two metrics of contribution are therefore expected to be negatively correlated. This is supported in our data -the number of reviews submitted by critical mass of reviewers was negatively correlated with the quality of reviews (correlation = -0.15, p<0.01, N=466).
The correlations between the mentions of the motives and the measures of quantity and quality of contribution are in Table 4 .
---------- Table 4 about here ----------
Factors linked to contribution quantity:
The results in Table 4 indicate that for the Top-1000 reviewers, two self-oriented motives (utilitarian benefits, self-expression) are positively correlated with quantity of contributions (rows 5 and 6). This parallels the finding of Thorn and Connolly (1987) that raising the level of benefits linked to contributions increases the quantity of contributions. It is surprising that mention of the social affiliation motive is negatively correlated with the quantity of reviews (row 3). It is likely that individuals for whom the social affiliation motive is important experience evaluation anxiety that inhibits contribution. Perhaps, they focus their contributions on topics where they are familiar with other contributors, thus adversely impacting the overall quantity of contributions. This is an interesting issue for future research.
Factors linked to contribution quality:
The results in Table 4 suggest that reciprocity has a significant positive correlation with quality (row 2), while altruism has a weak positive correlation (row 1). Individuals motivated to contribute by feelings of reciprocity provide higher quality content, indicating the useful role of the social context.
It is likely that higher attention-to-task observed in contexts of greater self-presentation is operative during PDR contribution. It may also arise from reviewers' need to be equitable in reciprocating help, thus raising the resources committed to contributions (Adams, 1965) . The association of altruism and quality of reviews suggests that contributors motivated to help others ensure that their reviews are useful. The correlation between the motivation to develop writing skills and quality of reviews contributed (Row 4 of Table 4) 
Summary of Findings and Propositions
We analyzed data on contributions by a very large population of reviewers (1.3
Million) at Amazon.com. Based on an examination of the distribution of contributions, we focused on the set of 1000 most prolific contributors to examine the validity of the predictions of Critical Mass theory that the critical mass comprises the most useful set of contributors. In our examination of the 1000 most prolific reviewers, we find that members of this set are extraordinarily active and the volume of contributions by each of them, on average, is over two orders of magnitude larger (148 times) than the average for other contributors to the PDR. In addition to being extremely prolific contributors, our data suggests that their contributions, on average, receive about 4 times the number of helpful votes from users than the average contribution of the rest of the population of contributors. Moreover, they make their contributions in the early periods after books or movies become available, when there are few other reviews available to users. The data thus suggest strong support for our first research question and leads to our first proposition that we term the critical mass proposition highlighting the role of the critical mass in PDRs:
Critical Mass proposition: Among contributors to a PDR, a small minority of active contributors makes a disproportionately high volume of contributions; these contributions are more helpful than those made by the majority. This minority is among the earliest contributors of content on various topics to the PDR. This group -the critical mass -thus plays a central role in populating and sustaining the PDR.
We used the text of personal profiles disclosed by the critical mass to infer the motives of these individuals to contribute to the PDR. Our results confirm the role of reciprocity, the central other-oriented motive recognized in prior research. However, the evidence suggests the existence of two more other-oriented motivations: social affiliation and altruism. Our evidence of the role of social motives is an important contribution as it highlights that PDRs are social contexts. Our results also suggest the presence of self-oriented motivations for contribution, a category less recognized in the literature. These include self-expression, personal development (e.g. development of writing skills and understanding), utilitarian motives and personal enjoyment. Drawing on these results, we suggest the following propositions regarding the motives for contribution:
Other resources serving the needs of the public at large. We provide a theoretically grounded model of contribution behavior drawing on critical mass theory to understand the factors influencing the establishment and sustenance of such repositories. We used empirical data gathered from one large PDR -the repository of reviews at Amazon.com to assess the level of support for theoretical predictions.
Consistent with theoretical predictions, we found evidence of the presence of a critical mass of contributors, each of whom makes a very significant volume of contributions that are also viewed as being considerably more helpful than the contributions of the average reviewer. These contributors also make a large proportion of the early contribution of reviews on books or movies, populating the repository with content when there are few reviews available for a product in the repository. Our results also highlight the variety of motives underlying contribution behavior and their links to the quality and quantity of reviews. Self oriented motives are positively associated with the quantity of contribution while they are negatively related to quality. Other-oriented motives, in contrast, are positively associated with the quality of reviews while they are negatively related to the quantity of reviews.
Our study has several limitations. First, our results are based on data collected at one PDR, the repository of reviews at Amazon.com. While this choice minimized confounds due to contextual differences between multiple sites, it is likely that the specific features implemented at Amazon.com may have influenced our findings. Second, the work is based on the sample of the critical mass of contributors at Amazon.com. This is currently the largest repository of product reviews accessible to the public and it is likely that its high profile role in establishing electronic commerce may have attracted a unique set of contributors that are distinct in attitudes, motives and behaviors from those of other repositories. Third, the qualitative data used in our analyses were based on personal profiles voluntarily provided by individuals for public viewing. It is likely that our results are biased by the self-presentation of contributors. Finally, the cross-sectional nature of our study limits inferences of causality among the variables. Longitudinal examinations of repository contributions and the role of motivational and contextual factors can provide a deeper understanding of cause and effect relationships explaining repository contributions.
Despite these limitations, our study makes a number of contributions to research and practice. To the best of our knowledge, this is one of the earliest field studies identifying characteristics of a critical mass of PDR contributors and examining the motives of this group. The study highlights the importance of social motives even in a context where user actions do not involve social interaction. It provides evidence of benefits to contributors from their own contributions. This study also provides empirical evidence regarding the relationship between key outcome variables -quantity and quality -and contributor motives and self-oriented motives. Our study highlights Critical Mass theory as a useful theoretical lens to provide insights on phenomena in PDRs. Further, the focus on our study has exclusively been on contribution behavior, the supply side of PDRs. The examination of user behavior, the demand side of PDRs and the interaction of supply side and demand side factors are important directions for future research where critical mass theory and the methodology used by us can provide useful guidance.
Our findings also have implications for practice. The current study was based on a specific but important type of public document repository. An increasing number of ecommerce sites are providing facilities that allow people to submit reviews on products they have bought (Kawakami 2005) . According to a recent Forrester Research study, nearly 26% of online retailers provide product review forums on their websites (Mendelsohn and McNabb 2005) . The procedure used by us to identify the critical mass and study its characteristics can be usefully applied to identify and direct incentives to the appropriate set of participants. The findings can similarly be applied within organizations seeking to identify the critical mass of contributors in knowledge management initiatives that seek to develop repositories based on discretionary contributions of content by employees (Fulk et. al 2004) . Our results suggest that contributor motives are important levers to encourage the critical mass to contribute to PDRs. Our results also suggest that the factors linked to quality and quantity of contribution are different and can guide the development of incentive mechanisms for prolific contributors. 
Conclusion

